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57 ABSTRACT

A non-transitory storage medium encoded with a computer
readable image processing program is provided. The image
processing program causes a computer to perform function-
ality including obtaining an infrared image of a subject and
determining a position of the subject included in the infrared
image based on brightness and a size of a prescribed region of
the subject within the infrared image.
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NON-TRANSITORY STORAGE MEDIUM
ENCODED WITH COMPUTER READABLE
IMAGE PROCESSING PROGRAM,
INFORMATION PROCESSING SYSTEM,
INFORMATION PROCESSING APPARATUS,
AND IMAGE PROCESSING METHOD

[0001] This nonprovisional application is based on Japa-
nese Patent Applications Nos. 2014-178055 and 2014-
178056 filed with the Japan Patent Office on Sep. 2, 2014, the
entire contents of each of which are hereby incorporated by
reference.

FIELD

[0002] An embodiment relates to a non-transitory storage
medium encoded with a computer readable image processing
program capable of processing an infrared image, an infor-
mation processing system, an information processing appa-
ratus, and an image processing method.

BACKGROUND AND SUMMARY

[0003] A stereo vehicle exterior monitoring apparatus
monitoring surroundings of a vehicle using stereo cameras
constituted of a pair of infrared cameras has been known.
[0004] The apparatus calculates distance data with the use
of'the stereo infrared cameras and monitors a target based on
the calculated distance data. According to this conventional
technique, stereo (that is, a plurality of) infrared cameras are
required and there is a room for improvement in cost for
mounting.

[0005] The object above can be achieved, for example, as
follows.

[0006] An exemplary embodiment provides a non-transi-
tory storage medium encoded with a computer readable
image processing program executed by a computer. The
image processing program causes the computer to perform
functionality including obtaining an infrared image of a sub-
ject and determining a position of the subject included in the
infrared image based on brightness and a size of a prescribed
region of the subject within the infrared image.

[0007] Inthe exemplary embodiment, the step of determin-
ing the position may determine a relative position of the
subject with a reference position.

[0008] Inthe exemplary embodiment, the step of determin-
ing the position may include determining the reference posi-
tion based on an infrared image corresponding to the subject
positioned in a reference state.

[0009] Inthe exemplary embodiment, the step of determin-
ing the position may include determining a position of the
subject based on the brightness of the prescribed region at the
time when the size of the prescribed region satisfies a pre-
scribed condition.

[0010] Inthe exemplary embodiment, the step of determin-
ing the position may include determining a depth position of
the subject in a direction of image pick-up by an image
pick-up portion which obtains the infrared image, based on
the brightness and the size of the prescribed region.

[0011] Inthe exemplary embodiment, the step of determin-
ing the position may include determining the depth position
and determining a position on a surface orthogonal to the
direction of the subject based on a position of the prescribed
region within the infrared image.

[0012] Inthe exemplary embodiment, the step of determin-
ing the position may include specitying a region of the subject
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from the infrared image and specifying the prescribed region
in accordance with the specified region.

[0013] In the exemplary embodiment, the step of specify-
ing the region may include specifying the prescribed region of
the subject based on at least a part of a shape which the subject
intrinsically has.

[0014] Inthe exemplary embodiment, the step of determin-
ing the position may include determining a position of the
subject when the brightness of the prescribed region and the
size of the prescribed region satisfy prescribed relation.
[0015] Inthe exemplary embodiment, the step of determin-
ing the position may include determining the position of the
subject when change over time in brightness of the prescribed
region and change over time in size of the prescribed region
maintain the prescribed relation.

[0016] Inthe exemplary embodiment, the step of determin-
ing the position may include determining the position of the
subject when magnitude of change over time in brightness of
the prescribed region and magnitude of change over time in
size of the prescribed region maintain the prescribed relation.
[0017] Inthe exemplary embodiment, the step of determin-
ing the position may include outputting change over time in
position of the subject.

[0018] Inthe exemplary embodiment, the step of obtaining
the image may include obtaining an infrared image which is
picked up during emission of infrared rays to the subject.
[0019] Anexemplary embodiment provides an information
processing system. The information processing system
includes an image pick-up portion which picks up an image of
infrared light from a subject and a processing portion which
determines a position of the subject included in the infrared
image based on brightness and a size of a prescribed region of
the subject within the infrared image obtained as a result of
image pick-up by the image pick-up portion.

[0020] Anexemplary embodiment provides an information
processing apparatus. The information processing apparatus
includes an image obtaining module that obtains an infrared
image of a subject and a position determination module that
determines a position of the subject included in the infrared
image based on brightness and a size of a prescribed region of
the subject within the infrared image.

[0021] Anexemplary embodiment provides an information
processing method. The image processing method includes
obtaining an infrared image of a subject and determining a
position of the subject included in the infrared image based on
brightness and a size of a prescribed region of the subject
within the infrared image.

[0022] The foregoing and other objects, features, aspects
and advantages of the exemplary embodiments will become
more apparent from the following detailed description of the
exemplary embodiments when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 shows an exemplary illustrative non-limiting
drawing illustrating an application example of an image pro-
cessing program in the present embodiment.

[0024] FIG. 2 shows an exemplary illustrative non-limiting
drawing illustrating a configuration example of an informa-
tion processing apparatus in the present embodiment.
[0025] FIGS. 3 and 4 each show an exemplary illustrative
non-limiting drawing illustrating overview of position deter-
mination processing performed by the image processing pro-
gram in the present embodiment.
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[0026] FIG.5 shows an exemplary illustrative non-limiting
flowchart illustrating a processing procedure in the position
determination processing provided by the image processing
program in the present embodiment.

[0027] FIGS. 6A and 6B show exemplary illustrative non-
limiting drawings illustrating some configuration examples
of an image pick-up portion of an information processing
apparatus in the present embodiment.

[0028] FIG. 7 shows an exemplary illustrative non-limiting
drawing illustrating a configuration example of the image
pick-up portion incorporating an infrared ray projection func-
tion of the information processing apparatus in the present
embodiment.

[0029] FIG. 8 shows an exemplary illustrative non-limiting
drawing illustrating relation between a distance from the
image pick-up portion to an object and brightness of infrared
rays detected by the image pick-up portion when an image
pick-up condition is constant.

[0030] FIGS. 9A and 9B each show an exemplary illustra-
tive non-limiting drawing illustrating relation between
brightness of a prescribed region and a size of the prescribed
region.

[0031] FIG. 10 shows an exemplary illustrative non-limit-
ing drawing illustrating one example of a user interface for
calibration provided by the information processing apparatus
in the present embodiment.

[0032] FIG. 11 shows an exemplary illustrative non-limit-
ing drawing illustrating one example of processing for calcu-
lating an absolute position in the present embodiment.
[0033] FIG. 12 shows an exemplary illustrative non-limit-
ing drawing illustrating one example of processing for cor-
recting an infrared image in the present embodiment.

[0034] FIGS. 13A and 13B each show an exemplary illus-
trative non-limiting drawing illustrating one example of pro-
cessing for specifying a flesh-color region.

[0035] FIG. 14 shows an exemplary illustrative non-limit-
ing flowchart illustrating a processing procedure in process-
ing for correcting an infrared image provided by the image
processing program in the present embodiment.

DETAILED DESCRIPTION OF NON-LIMITING
EXAMPLE EMBODIMENTS

[0036] The present embodiment will be described in detail
with reference to the drawings. The same or corresponding
elements in the drawings have the same reference characters
allotted and description thereof will not be repeated.

A.APPLICATION EXAMPLE

[0037] Anapplication example of an image processing pro-
gram in the present embodiment will initially be described.
Referring to FIG. 1, the image processing program in the
present embodiment is executed in an information processing
apparatus 1 and a position of a subject is determined by
performing processing as will be described later on an image
obtained as a result of image pick-up of the subject. In the
present embodiment, an infrared image (which may herein-
after be denoted as an “infrared (IR) image”) mainly includ-
ing information of infrared rays from a subject is obtained,
and processing is performed on that infrared image. The
infrared image herein includes at least any information of
infrared rays resulting from reflection by a subject and infra-
red rays generated by a subject itself. Furthermore, the infra-
red image should only mainly include infrared information,
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and an image including visible ray information together with
infrared information is not excluded.

[0038] Inone of application examples, as shown in FIG. 1,
an image of a part of a body (for example, a hand or a finger)
of'auser as a subject is picked up and a position of the part of
the body of the user is determined every prescribed cycle or
for each event. The determined position may be a relative
position of a subject with a reference position or an absolute
position from information processing apparatus 1 (strictly, an
image pick-up portion 4).

[0039] A typical example of information processing appa-
ratus 1 includes not only a portable information processing
apparatus (FIG. 1 showing an example of a smartphone) but
also a stationary information processing apparatus (for
example, a personal computer or a television set) and a cam-
era. Information processing apparatus 1 includes image pick-
up portion 4 picking up an image of infrared light from a
subject. Image pick-up portion 4 may be able to obtain a
non-infrared image in addition to an infrared image. A pro-
cessing portion performing various types of processing as
will be described later and image pick-up portion 4 can also
be implemented as independent housings and they can be
mounted as an information processing system as being com-
bined with each other.

[0040] A non-infrared image means an image mainly
including information of light different in wavelength from
infrared rays from a subject and typically includes a visible
light image mainly including information of visible rays from
a subject. The visible light image may be output as an RGB
image, a gray-scale image, or a binarized (monochrome)
image. An ultraviolet image mainly including information of
ultraviolet rays from a subject may be employed as the non-
infrared image.

[0041] Information processing apparatus 1 shown in FIG. 1
incorporates a display 2 which displays information on a
determined position of a subject and a state of execution of an
application with the use of the determined position. The deter-
mined position may be input as information representing a
gesture of a user or may be used for game processing with the
determined position being used as it is as an input value.

B. CONFIGURATION EXAMPLE

[0042] A configuration example of information processing
apparatus 1 will now be described. Referring to FIG. 2, infor-
mation processing apparatus 1 includes, as typical compo-
nents, display 2, image pick-up portion 4, an input portion 6,
a communication portion 8, a central processing unit (CPU)
10, a dynamic random access memory (DRAM) 12, and a
flash memory 14.

[0043] Image pick-up portion 4 receives light from a sub-
ject and outputs an image showing the subject. In the present
embodiment, image pick-up portion 4 outputs an infrared
image of a subject. The infrared image mainly includes infor-
mation of infrared rays from a subject. In addition, image
pick-up portion 4 may output a non-infrared image mainly
including information of light different in wavelength from
infrared rays from a subject. Namely, image pick-up portion
4 picking up an image of infrared light from the subject and
light different in wavelength from infrared rays from the
subject may be adopted.

[0044] Display 2 is a device notifying a user of various
types of information and implemented by a liquid crystal
display (LLCD) or an organic electroluminescence (EL) dis-

play.
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[0045] Input portion 6 is a device accepting an instruction
or an operation from a user, and it may be mounted as various
buttons or switches provided in a housing of information
processing apparatus 1 or may be mounted as a touch panel
arranged integrally with display 2.

[0046] Communication portion 8 is a device mediating
communication with another apparatus and mounted with the
use of a mobile communication component such as long term
evolution (LTE) or third generation (3G) or a near field com-
munication component such as wireless LAN complying
with IEEE 802.11n specifications, Bluetooth®, or infrared
data association (IRDA).

[0047] CPU 10 represents one example of processors
executing various programs and implements a main portion
of the processing portion. DRAM 12 functions as a working
memory temporarily holding data necessary for CPU 10 to
execute various programs. Flash memory 14 is a storage
device holding various types of data in a non-volatile manner,
and typically stores an image processing program 16 and
various application programs 18. These programs are read
and developed on DRAM 12 and then executed by CPU 10.
[0048] Hardware and software implementing information
processing apparatus 1 are not limited to those shown in FI1G.
2. For example, an external server device may have functions
of information processing apparatus 1 in the entirety or in
part. Namely, instead of a single information processing
apparatus 1, an information processing system constituted of
a terminal and one or more servers may be employed. In this
case, each means in the information processing system is
implemented by processing by a processor of the terminal,
processing by a processor of the external server device, or
cooperative processing by the processor of the terminal and
the processor of the external server device. Allocation of
processing can be designed as appropriate based on the com-
mon general technical knowledge of a person skilled in the
art.

[0049] Image processing program 16 executed in informa-
tion processing apparatus 1 is not limited to that provided by
a storage medium but may be provided by downloading
through a network such as the Internet.

C. OVERVIEW OF POSITION DETERMINATION
PROCESSING

[0050] Overview of position determination processing per-
formed by the image processing program in the present
embodiment will now be described. The position determina-
tion processing in the present embodiment determines a posi-
tion ofa (portion ofinterest ofa) subject based on information
of an image showing the subject included in an obtained
infrared image. A portion of a subject (i.e. a real substance) of
which position is to be determined is hereinafter referred as an
“object” and a region corresponding to the “object” within the
infrared image is referred to as an “object region”.
[0051] Brightness (illumination) and a size of an object
region within the infrared image obtained as a result of image
pick-up of an object by image pick-up portion 4 have corre-
lation with factors as below. More specifically, brightness of
the object region is in proportion to factors below:

[0052] Brightness (illumination/intensity) of infrared

rays emitted to a subject;

[0053] A time period of exposure in the image pick-up
portion;
[0054] A surface reflectance of an object; and
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[0055] 1/(distance from image pick-up portion 4 to the
object)?.
[0056] A size of an object region is in inverse proportion to
a distance from image pick-up portion 4 to the object.

[0057] The position determination processing in the
present embodiment determines, with the use of such physi-
cal relationship, a position of an object (a subject) included in
an infrared image based on brightness and a size of a pre-
scribed region of the subject within the infrared image. The
prescribed region corresponds to a region including at least a
part of a region expressing the object (that is, the object
region), and can be specified based on at least a part of a shape
which the subject (object) intrinsically has.

[0058] In the present embodiment, by using the infrared
image mainly including information of infrared rays from the
subject, a position can be determined with accuracy higher
than in a case of use of a visible light image mainly including
information of visible rays from the subject.

[0059] Overview of the position determination processing
performed by the image processing program in the present
embodiment will be described with reference to FIGS. 3 and
4. FIGS. 3 and 4 each show an example of an infrared image
obtained at the time when a user’s hand is defined as an object
by way of example. As shown in FIG. 3, when a distance from
image pick-up portion 4 to the object is relatively short, an
object region within the infrared image is relatively bright
(illumination is high) and an area thereof is relatively large
(wide). In contrast, when a distance from image pick-up
portion 4 to the object is relatively large, the object region
within the infrared image is relatively dark (illumination is
low) and an area thereof is relatively small (narrow).

[0060] Whether the object has moved closer or away is
determined based on brightness (illumination/intensity) and a
size of the object region which appears in such an infrared
image, with a reference position. A method of calculating a
distance between image pick-up portion 4 and an object (a
relative distance) with a position of the object (subject) posi-
tioned in a reference state (the reference position) being
defined as the reference will be described hereinafter as a
typical example.

[0061] FIG. 4 is a diagram showing one example of an
infrared image picked up at the time when an object is in the
reference state. Referring to FI1G. 4, a user places his/her hand
at a position where the user would use the hand in a normal
action and an infrared image is obtained in response to some
trigger. This trigger may directly be input by the user, or a
trigger may be such that infrared images are repeatedly
obtained and subjected to some kind of image processing and
a result thereof satisfies a predetermined condition.

[0062] When the infrared image in the reference state is
obtained, an object region (in the example in FIG. 4, a contour
of'a hand) is specified from the infrared image. A prescribed
region 30 is set in accordance with the specified object region.
A representative value (an initial value) for illumination at the
reference position is determined based on illumination of
each pixel included in prescribed region 30. An average value
of illumination of all pixels included in prescribed region 30
can be calculated as the representative value (initial value). In
calculation of the representative value, an abnormal value of
illumination included in prescribed region 30 may be
excluded.

[0063] A procedure for obtaining a reference position and
initial information relating thereto (for example, a represen-
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tative value), which includes the processing as shown in FI1G.
4, will hereinafter also be referred to as “calibration”.

[0064] For example, a distance from image pick-up portion
4 to an object in prescribed region 30 within an infrared image
32 shown in FIG. 4 is set as “1”. Here, it is assumed that a
calculated average value of brightness is “100” and a size of
prescribed region 30 is “100x100” pixels.

[0065] An infrared image 34 (near) shown in FIG. 3 is an
infrared image obtained at the time when a hand is placed at
a position at a distance “0.7” time as large as a distance from
image pick-up portion 4 to the object at the time of image
pick-up of infrared image 32 (FIG. 4), and here, a size of
prescribed region 30 was calculated as “160x160” pixels and
an average value of brightness was calculated as “204”.

[0066] An infrared image 36 (far) shown in FIG. 3 is an
infrared image obtained at the time when a hand is placed at
aposition at a distance “2.0” times as large as a distance from
image pick-up portion 4 to the object at the time of image
pick-up of infrared image 32 (FIG. 4), and here, a size of
prescribed region 30 was calculated as “60x60” pixels and an
average value of brightness was calculated as “25”.

[0067] A processing procedure in the position determina-
tion processing provided by the image processing program in
the present embodiment will be described with reference to
FIG. 5. Each step shown in FIG. 5 is implemented typically as
CPU 10 executes image processing program 16 (FIG. 2).

[0068] Initially, calibration shown in steps S2 to S10 is
carried out. Specifically, CPU 10 obtains an infrared image of
a subject (step S2). Here, it is assumed that an object (a
subject) of which position is to be determined is in the refer-
ence state. The infrared image is obtained as CPU 10 provides
a command to image pick-up portion (FIG. 2).

[0069] In succession, CPU 10 specifies an object region (a
region of the subject) from the infrared image (step S4) and
sets a prescribed region in accordance with the specified
object region (step S6). CPU 10 calculates a representative
value for illumination based on illumination of each pixel
included in the specified prescribed region (step S8). This
representative value for illumination is stored as an initial
value for illumination at the reference position. Then, CPU 10
has the calculated representative value for illumination
(brightness of the prescribed region) and the size of the pre-
scribed region stored as results of calibration (step S10).

[0070] In calibration, brightness and a size of a prescribed
region corresponding to a position of the object (subject) in
the reference state (reference position) are determined, and a
relative position of the object is successively determined with
the position in this reference state being defined as the refer-
ence. Namely, in accordance with a procedure as below, CPU
10 determines a position of the subject included in the infra-
red image based on brightness and a size of the prescribed
region within the infrared image.

[0071] Specifically, CPU 10 obtains a new infrared image
(step S12). Then, CPU 10 newly specifies an object region (a
region of the subject) from the infrared image (step S14) and
sets a prescribed region in accordance with the specified
object region (step S16). In succession, CPU 10 calculates a
representative value for illumination of the prescribed region
(brightness of the prescribed region) based on illumination of
each pixel included in the prescribed region specified in step
S16 (step S18) and determines whether or not calculated
brightness and the size of the prescribed region satisfy a
prescribed condition (step S20).
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[0072] When brightness and the size of the prescribed
region satisfy the prescribed condition (YES in step S20),
CPU 10 determines a position of the object from calculated
brightness of the prescribed region based on brightness of the
prescribed region obtained in calibration (step S22). In suc-
cession, CPU 10 performs predetermined post-processing in
accordance with the determined position of the object (step
S24). Namely, a position determination function of informa-
tion processing apparatus 1 determines a position of an object
(subject) when brightness of a prescribed region and a size of
the prescribed region satisfy prescribed relation.

[0073] When brightness and the size of the prescribed
region do not satisfy the prescribed condition (NO in step
S20), CPU 10 performs error processing (step S26).

[0074] CPU 10 determines whether or not end of the posi-
tion determination processing has been indicated (step S28).
When end of the position determination processing has not
been indicated (NO in step S28), processing in step S12 or
later is repeated. In contrast, when end of the position deter-
mination processing has been indicated (YES in step S28),
the position determination processing ends.

D. PROCESSING AND MECHANISM FOR
OBTAINING INFRARED IMAGE

[0075] Processing for obtaining an infrared image and a
mechanism used therefor will now be described.
[0076] (d1: Image Pick-Up Element)

[0077] Some configuration examples of image pick-up
portion 4 of information processing apparatus 1 in the
present embodiment will be described with reference to
FIGS. 6A and 6B. FIG. 6A shows a configuration
example including image pick-up elements in Bayer
arrangement including an IR filter and FIG. 6B is a
diagram showing a configuration example in which
image pick-up elements generating an infrared image
(IR image) and a non-infrared image (RGB image)
respectively are individually provided.

[0078] The image pick-up elements shown in FIG. 6A are
image pick-up elements in which one G filter of four color
filters (R+Gx2+B) has been replaced with an IR filter in
general image pick-up elements in Bayer arrangement. The
IR filter has characteristics to allow passage of infrared rays
and infrared rays from a subject are incident on a detection
element associated with the IR filter, which detects illumina-
tion thereof. Detection elements associated with R, G, and B
filters, respectively, detect illumination of visible rays from
the subject. An IR image is generated based on information
from the detection element associated with the IR filter and an
RGB image is generated based on information from the
detection elements associated with the R, G, and B filters,
respectively.

[0079] Namely, inthe configuration example shown in FIG.
6A, information processing apparatus 1 obtains an infrared
image and a non-infrared image from the image pick-up
elements in Bayer arrangement including the IR filter.
[0080] On the other hand, in the configuration example
shown in FIG. 6B, a dual-eye optical system is employed.
Namely, light reflected from the subject is guided to image
pick-up elements 43 and 44 through lenses 41 and 42, respec-
tively. A not-shown IR filter is associated with image pick-up
element 43 and a not-shown color (RGB) filter is associated
with image pick-up element 44. Thus, image pick-up element
43 generates an infrared image (IR image) and image pick-up
element 44 generates a non-infrared image (RGB image).
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[0081] A configuration in which an independent image
pick-up element is arranged for each of R, G, and B may be
adopted as another configuration example. In this case, four
image pick-up elements in total of R, G, B, and IR are
arranged. A plurality of image pick-up elements may be
arranged with a lens being common thereto.

[0082] By adopting any configuration described above, an
infrared image and a non-infrared image (typically, an RGB
image) can simultaneously be obtained from the same sub-

ject.
[0083] (d2: Infrared Ray Projection Function)
[0084] An infrared ray projection function will now be

described. An infrared image is mainly generated from infor-
mation of infrared rays from a subject, however, an amount of
infrared rays incident on the subject is not sufficient in many
cases in a general environment of use. Therefore, an infrared
ray projection function is preferably incorporated as a func-
tion of image pick-up portion 4. Namely, as a function of
information processing apparatus 1 to obtain an image, an
infrared image which is picked up during emission of infrared
rays to a subject is preferably obtained.

[0085] A configuration example of image pick-up portion 4
incorporating an infrared ray projection function of informa-
tion processing apparatus 1 in the present embodiment will be
described with reference to FIG. 7. In addition to lens 41
guiding light from the subject to image pick-up element 43,
an emission portion 45 emitting infrared rays to the subject is
provided. Emission portion 45 has a portion generating infra-
red rays, such as an infrared LED or an infrared lamp, and
emits generated infrared rays to the subject. The timing of
exposure by image pick-up element 43 and the timing of light
emission by emission portion 45 are in synchronization with
each other.

[0086] Since an image pick-up condition can be stabilized
by incorporating such a ray projection function, accuracy in
determination of a position of an object can be enhanced.
[0087] A function similar to common strobe light in addi-
tion to infrared rays may be added to emission portion 45.
Namely, emission portion 45 may be configured to simulta-
neously emit infrared rays and visible rays to the subject.
[0088] (d3: Control Dependent on Distance from Image
Pick-Up Portion to Object)

[0089] FIG. 8 shows relation between a distance from
image pick-up portion 4 to an object and brightness of infra-
red rays detected by image pick-up portion 4 when an image
pick-up condition is constant. A distance and brightness are
expressed in an arbitrary unit. As described above, since
brightness of an object region within an infrared image is in
inverse proportion to a square of (a distance from image
pick-up portion 4 to the object), brightness of infrared rays
detected by image pick-up portion 4 gradually decreases as
the object is away from image pick-up portion 4 as shown in
FIG. 8. Change in distance corresponding to change per unit
of detected brightness is greater as the distance is greater,
which means that sensitivity in calculation of a distance (that
is, resolution) lowers as the object is away from image pick-
up portion 4. In a characteristic example shown in FIG. 8,
resolution is approximately 0.5 when a distance is less than
20, and resolution is approximately 1 when a distance is from
20 to 40. When a distance is 40 or more, however, resolution
of only approximately 2.5 is obtained.

[0090] Since a range of brightness of infrared rays detect-
able by image pick-up portion 4 is restricted to a finite gray-
scale value (typically, from 0 to 255 levels of gray), a time
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period of exposure by image pick-up portion 4 (a shutter
speed) as well as brightness of infrared rays emitted from
emission portion 45 and/or a time period of emission are
preferably varied depending on a distance from image pick-
up portion 4 to the object. For example, a known autoexpo-
sure (AE) function can be used.

[0091] More specifically, the function of information pro-
cessing apparatus 1 (CPU 10) to obtain an image provides a
control command to emission portion 45 so as to emit more
intense infrared rays as a distance to the subject is longer.
Namely, when a distance from image pick-up portion 4 to the
object is relatively long, brightness of infrared rays incident
on image pick-up portion 4 is relatively low and hence more
intense infrared rays are emitted.

[0092] In addition, the function of information processing
apparatus 1 (CPU 10) to obtain an image provides a control
command such that a time period of exposure by the image
pick-up portion for obtaining an infrared image is longer as a
distance to the subject is longer. Namely, when a distance
from image pick-up portion 4 to the object is relatively long,
brightness of infrared rays incident on image pick-up portion
4 is relatively low and hence a time period of exposure by
image pick-up portion 4 is controlled such that infrared rays
are incident for a longer period of time.

[0093] A distance from image pick-up portion 4 to an
object can be determined with the use of a result of determi-
nation of a distance of an object in the past. Typically, a
distance determined in an immediately preceding operation
cycle may be used to determine an image pick-up condition (a
time period of emission of infrared rays/emission intensity
and a time period of exposure).

[0094] (d4: Method of Exposure by Image Pick-Up Por-
tion)
[0095] Any of a rolling shutter technique and a global shut-

ter technique may be employed as a method of exposure by
image pick-up portion 4. The rolling shutter technique is
suitable for a portable information processing apparatus,
because it adopts progressive scanning and power consump-
tion is relatively low. On the other hand, according to the
global shutter technique, since a time period of exposure is
relatively short, image pick-up of a vigorously moving sub-
ject can more appropriately be achieved.

E. DETAILS OF POSITION DETERMINATION
PROCESSING

[0096] (el: Specifying Object Region (Region of Subject)
(Steps S4 and S14))

[0097] A method of specifying an object region can
include, for example, a method of extracting a geometry from
a feature point (for example, an edge point at which illumi-
nation significantly varies) in distribution of illumination
within an infrared image, a method of extracting a region or a
geometry based on other feature values included in an infra-
red image, and a method of extraction based on at least a part
of a shape which a subject (object) intrinsically has.

[0098] In the examples shown in FIGS. 3 and 4 described
above, a hand (palm) is defined as the object. Therefore, an
object region can be specified by searching for a specific
shape of the hand (for example, portions showing five fin-
gers). Namely, a contour (or a geometry) of the hand can be
specified based on a feature value within an infrared image.
[0099] (e2: Setting of Prescribed Region in Accordance
with Object Region (Steps S6 and S16))
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[0100] A prescribed region is set in accordance with an
object region corresponding to the specified hand. The pre-
scribed region is not limited to a rectangular shape, and a
geometry indicating a feature value (an object region) may be
employed as it is. When a shape of the object has already been
known, a shape similar to that already-known shape may be
employed. Alternatively, a prescribed region may be set so as
to include a region outside the object region.

[0101] In the examples shown in FIGS. 3 and 4, a region
corresponding to the palm of a user is preferably set as pre-
scribed region 30. Namely, fingers of the hand of the user are
preferably excluded from prescribed region 30. Since fingers
of the hand are relatively great in motion over time and
calculated illumination is unstable, they are preferably
excluded. Brightness of infrared rays reflected from the sub-
jectis dependent on a reflectance at the surface of the subject.
Movement of fingers of the hand which leads to relatively
significant change in reflectance is also a cause of unsuitable-
ness of the fingers for use in position determination. There-
fore, in order to enhance accuracy in position determination,
such a vigorously moving portion is preferably excluded.
[0102] (e3: Robustness of Brightness of Prescribed Region
and Size of Prescribed Region (Step S20))

[0103] In the position determination processing in the
present embodiment, basically, a position of an object is
determined based on a representative value calculated from
illumination of a pixel included in a prescribed region. Here,
there is also a case that a substance other than the object of
interest has been photographed in an infrared image, and
there is also a possibility that a position is erroneously deter-
mined due to a partial image caused by such a substance.
Therefore, such erroneous position determination is avoided
by using conditions as below. All or some of the conditions
below may be employed.

[0104] (1) Brightness of the Prescribed Region and a Size
of the Prescribed Region Satistying Prescribed Relation
[0105] One condition is such that whether or not brightness
of the prescribed region and a size of the prescribed region
satisfy prescribed relation is determined, and when the pre-
scribed relation is satisfied, a position of a subject may be
determined based on brightness of the prescribed region.
[0106] Asdescribed above, brightness of an objectregionis
in inverse proportion to a square of a distance from image
pick-up portion 4 to an object, and a size of the object region
is in inverse proportion to the distance from image pick-up
portion 4 to the object. Therefore, essentially, brightness of
the prescribed region and the size of the prescribed region set
in accordance with the object region maintain prescribed
relation.

[0107] FIGS. 9A and 9B show relation between brightness
of the prescribed region and a size of the prescribed region.
FIG. 9A conceptually shows a result in a case that a state of an
object moving away from image pick-up portion 4 could
appropriately be detected, and FIG. 9B conceptually shows a
result in a case that a state that the object moves away from
image pick-up portion 4 could not appropriately be detected.
[0108] As shown in FIG. 9A, when the object moves away
from image pick-up portion 4, brightness of the prescribed
region and a size of the prescribed region both decrease. On
the other hand, when the object comes closer to image pick-
up portion 4, brightness of the prescribed region and the size
of the prescribed region both increase. When some cause for
error is present in an infrared image, as shown in FIG. 9B,
change different from inherent change is detected.
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[0109] Whether or not appropriate detection has succes-
sively been achieved is preferably determined by making use
of such relation between brightness of the prescribed region
and the size of the prescribed region.

[0110] More specifically, whether or not change over time
in brightness of the prescribed region and change over time in
size of the prescribed region maintain prescribed relation may
be determined, and when the prescribed relation is main-
tained, a position of an object may be determined. Namely,
whether or not a direction of change (increase/decrease) in
brightness of the prescribed region and change over time
(increase/decrease) in size of the prescribed region match
with each other may be determined, and when they match, a
position of an object is calculated assuming that proper detec-
tion has been achieved. In other words, whether or not appro-
priate detection has successively been achieved can be deter-
mined based on match/unmatch in sign (a direction of
change) between change over time in brightness of the pre-
scribed region and change over time in size of the prescribed
region.

[0111] Alternatively, whether or not magnitude in change
over time in luminance of the prescribed region and magni-
tude in change over time in size of the prescribed region
maintain prescribed relation may be determined, and when
the prescribed relation is maintained, a position of an object
may be determined Namely, whether or not a ratio between an
amount of change per unit time (increment/decrement) in
brightness of the prescribed region and an amount of change
per unit time (increment/decrement) in size of the prescribed
region is within a prescribed range is determined, and when
the ratio is within the prescribed range, a position of an object
is calculated assuming that appropriate detection has been
achieved. Namely, whether or not appropriate detection has
successively been achieved can be determined based on a
state of deviation in value between the amount of change per
unit time in brightness of the prescribed region and the
amount of change per unit time in size of the prescribed
region.

[0112] (2) Size of the Prescribed Region Satisfying a Pre-
scribed Condition

[0113] Instead of/inaddition to the method paying attention
to relative relation between brightness of the prescribed
region and the size of the prescribed region as described
above, whether or not a size itself of the prescribed region
satisfies a prescribed condition may be determined, and when
the prescribed condition is satisfied, a position of a subject
may be determined based on brightness of the prescribed
region.

[0114] More specifically, whether or not appropriate detec-
tion has successively been achieved can be determined by
determining whether a detected size of the prescribed region
is excessively larger or smaller than the size of the prescribed
region obtained in calibration (a reference value). Namely,
whether or not a ratio or a difference of the detected size of the
prescribed region to or from the size of the prescribed region
obtained in calibration (a reference value) is within a pre-
scribed range is determined, and only when the ratio or the
difference is within the prescribed range, a position of the
object may be calculated assuming that appropriate detection
has been achieved.

[0115] (E4: Calculation of Distance and Position on Plane
(Step S22))
[0116] Brightness of the prescribed region is in inverse

proportion to a square of a distance from image pick-up
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portion 4 to an object. Therefore, when brightness of the
prescribed region is calculated as B at some time point, a
distance L between image pick-up portion 4 and the object at
that time can be expressed as below.

L=L0xV(BO/B)

[0117] LO represents a distance between image pick-up
portion 4 and the object obtained in calibration and BO rep-
resents brightness of the prescribed region obtained in cali-
bration.

[0118] With a condition of L.O=1 being set, a relative dis-
tance between image pick-up portion 4 and the object can be
calculated by using brightness BO of the prescribed region
obtained in calibration. This relative distance represents a
depth position in a direction of image pick-up by image
pick-up portion 4 (a camera direction: a z direction). A posi-
tion within an infrared image where the prescribed region is
present represents a position (an X coordinate and a y coordi-
nate) on a plane orthogonal to the direction of image pick-up
by image pick-up portion 4. Thus, in the present embodiment,
a depth position of the object in the direction of image pick-up
by image pick-up portion 4 which obtains an infrared image
is determined based on brightness and a size of the prescribed
region. Namely, a depth position is determined and a position
on the plane orthogonal to the direction of image pick-up of
the object is determined based on a position of the prescribed
region within the infrared image.

[0119] Finally, an x coordinate, a y coordinate, and a z
coordinate of the object defined in a coordinate system with a
point of view of image pick-up portion 4 being defined as the
reference are output every operation cycle.

[0120] (e5: Successive Output (Step S24))

[0121] As described above, information processing appa-
ratus 1 calculates a three-dimensional coordinate of an object
every operation cycle and obtains a temporal behavior of the
object from these chronologically output three-dimensional
coordinates. Namely, information processing apparatus 1
outputs change over time in position of the object. With such
change over time in position, a gesture made by a user can be
determined or various types of game processing can progress.

F. CALIBRATION

[0122] Calibration should be carried out with the object
(subject) being set to the reference state. The reference state
may be any state, however, when the object is too close to or
far from image pick-up portion 4, accuracy in position deter-
mination lowers. Therefore, calibration is preferably carried
out at an intermediate point in a range where the object can
move. Therefore, a user interface as supporting such calibra-
tion may be provided.

[0123] One example of a user interface for calibration pro-
vided by information processing apparatus 1 in the present
embodiment will be described with reference to FIG. 10.
Referring to FIG. 10, a guide 70 for positioning a subject to
the reference state is displayed on display 2 of information
processing apparatus 1 and the user adjusts positional relation
between the user himself/herself and/or his/her hand and
image pick-up portion 4 such that a hand of which image is
picked up is accommodated in guide 70. When the user’s
hand is accommodated in guide 70, the user operates an OK
button 72 displayed on display 2 with the other hand so thatan
infrared image for calibration is obtained and calibration is
performed.
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[0124] By displaying such a guide, calibration can more
appropriately and simply be carried out.

G. PROCESSING FOR CALCULATING
ABSOLUTE POSITION

[0125] A processing example in which a relative position of
an object is successively determined with a position in the
reference state being defined as the reference has been
described above. If an absolute position (an absolute dis-
tance) in the reference state could be obtained, not a relative
position but a pseudo absolute position can be calculated.

[0126] A method ofusing image pick-up portion 4 of infor-
mation processing apparatus 1 to obtain in advance relation
between a size and an absolute position of an object region
which appears in an infrared image and using this relation is
available as one technique for obtaining an absolute position
(an absolute distance) in the reference state. Specifically,
relation between a size of the object region and an absolute
distance from image pick-up portion 4 can be defined based
onan infrared image obtained by using image pick-up portion
4 to pick up images of a sample having an already-known size
in advance arranged at a plurality of positions. An absolute
distance at the time of image pick-up can be determined by
picking up an image of a sample (for example, a stylus
attached to information processing apparatus 1) of which size
has already been known in calibration and evaluating a size
within the infrared image of the sample of which image has
been picked up.

[0127] When a user’s hand is adopted as the object, an
average size is known in advance. Therefore, a pseudo abso-
lute distance at the time of calibration may be determined
based on the average value.

[0128] One example of processing for calculating an abso-
lute position in the present embodiment will be described
with reference to FIG. 11. Relation between a size and an
absolute position of the object region which appears in an
infrared image which has been obtained in advance may be
referred to by specifying a contour of the hand from a feature
value within the infrared image and calculating a size of the
hand, and then a position (a depth position) where the hand is
present may be calculated.

H. CORRECTION OF INFRARED IMAGE

[0129] In the processing for determining a position of an
object described above, an object region within an infrared
image is specified and a prescribed region is set (steps S4, S6,
S14,and S16in FI1G. 5). In such processing, an infrared image
including only the object is preferably obtained. When a
substance which emits infrared rays is present in the back-
ground of the object at the time of image pick-up ofthe object,
however, the infrared rays from such a substance are intro-
duced as noise in the infrared image. In such a case, prefer-
ably, the infrared image is subjected to some correction (pre-
processing) and then the object region is specified.

[0130] Processing in a case that a non-infrared image is
used will be described below as processing for correcting
such an infrared image. Namely, information processing
apparatus 1 in the present embodiment has an image obtain-
ing function to obtain an infrared image mainly including
information of infrared rays from an object (subject) and a
non-infrared image mainly including information of light
different in wavelength from the infrared rays from the object
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(subject) and a correction function to correct the infrared
image based on a feature value of the non-infrared image.
[0131] One example of the processing for correcting the
infrared image in the present embodiment will be described
with reference to FIG. 12. When an infrared image 60 is
obtained through image pick-up of an object, an RGB image
50 representing one example of a non-infrared image is
obtained. As will be described later, such processing as super-
imposition of images of RGB image 50 and infrared image 60
is required. Therefore, these two images are preferably
obtained by using image pick-up elements in Bayer arrange-
ment including an IR filter as shown in FIG. 6 A described
above. Though a dual-eye configuration as shown in FIG. 6B
may be adopted, in this case, correction in accordance with a
parallax present between optical systems is required.

[0132] The non-infrared image is not limited to the RGB
image, and an ultraviolet image may be employed or a gray
image (a monochromatic image) with attention being paid
only to any color of R, G, and B may be employed.

[0133] Asshownin RGB image 50 and infrared image 60 in
FIG. 12, luminance information of an object which can be
obtained is different depending on a difference in detected
wavelength. With the use of such difference in obtained lumi-
nance information, correction as allowing extraction only of
information on the object is made.

[0134] Initially, a feature value reflecting the object is cal-
culated from the non-infrared image. When RGB image 50 is
defined as the non-infrared image and the user’s hand is
defined as the object, for example, flesh-color detection pro-
cessing can be employed. Namely, a flesh-color region
included in RGB image 50 is specified. A result image 52
shows a result after RGB image 50 has been subjected to
flesh-color detection. Result image 52 results from conver-
sion of a pixel determined to be in flesh color into “1”” (white)
and converting pixels other than that into “0” (black).
Namely, in the processing for correcting the infrared image, a
feature value is obtained by binarizing the non-infrared
image.

[0135] One example of processing for specifying a flesh-
color region will be described with reference to FIG. 13. In
order to specify a flesh-color region, a color coordinate sys-
tem of the RGB image is converted from the RGB coordinate
system (FIG. 13A) to a YUV coordinate system (FIG. 13B).
Then, an image present in a domain (a space) on the color
coordinate system which can be regarded as having a “flesh
color” defined in advance is extracted from a YUV image
converted to the YUV coordinate system. Use of the YUV
coordinate system allows more accurate determination of the
“flesh color”.

[0136] Thus, the correction processing in information pro-
cessing apparatus 1 includes processing for specifying a
flesh-color region of the object (subject) from the RGB image
and correcting infrared image 60 based on the flesh-color
region.

[0137] Referring again to FIG. 12, infrared image 60 is also
subjected to binarization processing by using prescribed
brightness as a threshold value, to thereby generate a bina-
rized infrared image 62. Finally, a corrected infrared image 64
is generated by calculating a product of result image 52 and
binarized infrared image 62 for each corresponding pixel.
Namely, in the correction processing, processing for multi-
plying each pixel value of the infrared image by each pixel
value of the binarized non-infrared image (result image 52) is
performed. This processing means output as an effective
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pixel, of only such a pixel of which corresponding pixel
within result image 52 has been converted into “1” (flesh-
color region), among pixels constituting binarized infrared
image 62.

[0138] Infrared image 60 does not necessarily have to be
binarized, and infrared image 60 can be corrected by using
result image 52 as one type of mask image and multiplying
each pixel value of infrared image 60 by the result image.
[0139] As described above, information processing appa-
ratus 1 corrects infrared image 60 based on a feature value (a
flesh-color region in the example shown in FIG. 12) of a
non-infrared image (RGB image 50). The feature value of the
non-infrared image is basically a feature value which cannot
be obtained from the infrared image.

[0140] Processing for correcting infrared image 60
includes processing for ignoring a region other than the
region of infrared image 60 where the object (subject) is
present. In other words, means for correcting infrared image
60 includes processing for extracting only a region of infrared
image 60 where the object (subject) is present. A series of
correction processes means that aregion in an image where an
object is present is specified from a non-infrared image (RGB
image 50) and effective information representing the object
(subject) included in infrared image 60 is selectively used in
accordance with the specified region. Thus, by selectively
using effective information representing the object (subject)
included in infrared image 60, an object region within the
infrared image can more accurately be specified.

[0141] Processing for specifying an object region may fur-
ther be performed by searching for a specific shape of the
object by using RGB image 50 and/or result image 52 shown
in FIG. 12. Namely, a position of a contour (or a geometry) of
ahand or a finger may be specified from a feature value within
the image as described above. By further performing shape
specifying processing for specifying a shape of an object
(subject) included in such a non-infrared image (RGB image
50 and/or result image 52), a component introduced in the
non-infrared image (light from lighting in the background in
RGB image 50 in FIG. 12), which can be noise, can be
removed.

[0142] By further adding such shape specifying processing,
effective information representing the object (subject)
included in infrared image 60 can more accurately be selected
and the object region within the infrared image can more
accurately be specified. Namely, the correction processing of
information processing apparatus 1 includes the shape speci-
fying processing for specifying a shape of the subject
included in the non-infrared image (RGB image 50 and/or
result image 52), so that infrared image 60 is corrected based
on a feature value in the specified shape.

[0143] Various types of processing may be performed by
using corrected infrared image 64 and subjecting yet-to-be-
corrected infrared image 60 and/or RGB image 50 to different
correction. For example, an object region may be specified
from corrected infrared image 64, and only information on
the object may be extracted by using an image (information)
of the region within infrared image 60 or RGB image 50
corresponding to the specified object region. Thus, such a
function as reflecting information on the infrared image cor-
rected in the correction processing on a yet-to-be-corrected
infrared image or non-infrared image may also be incorpo-
rated in information processing apparatus 1.

[0144] A processing procedure in the processing for cor-
recting an infrared image provided by the image processing
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program in the present embodiment will be described with
reference to FIG. 14. Each step shown in FIG. 14 is imple-
mented typically as CPU 10 executes image processing pro-
gram 16 (FIG. 2).

[0145] Initially, CPU 10 obtains an infrared image and a
non-infrared image of a subject (step S100). Here, when
image pick-up portion 4 including image pick-up elements in
Bayer arrangement as shown in FIG. 6A is employed, an
infrared image and a non-infrared image can simultaneously
be obtained by providing an image pick-up command to
image pick-up portion 4. In contrast, when image pick-up
portion 4 in which image pick-up elements are individually
provided as shown in FIG. 6B is employed, an infrared image
and a non-infrared image are obtained by providing an image
pick-up command to each image pick-up element.

[0146] In succession, CPU 10 calculates a feature value
reflecting an object from the non-infrared image (step S102).
Typically, CPU 10 specifies a flesh-color region by subjecting
RGB image 50 representing one example of the non-infrared
image to flesh-color detection processing. CPU 10 generates
binarized infrared image 62 by subjecting infrared image 60
to binarization processing in parallel to the processing in step
S102 (step S104).

[0147] Then, CPU 102 generates corrected infrared image
64 by multiplying each pixel of binarized infrared image 62
by the feature value calculated in step S102 (step S106). The
position determination processing shown in FIG. 5 may be
performed by using corrected infrared image 64 generated in
step S106.

1. ADVANTAGES

[0148] In the present embodiment, an object region
expressing an object within an infrared image is specified and
aprescribed region is set in accordance with the object region.
Since a position of the object included in the infrared image is
determined based on brightness and a size of this set pre-
scribed region, one image pick-up portion will suffice, which
allows reduction in cost for mount. In addition, since bright-
ness and the size of the prescribed region within the infrared
image obtained for each frame is made use of, an amount of
operation required for calculating a distance can be reduced
and faster processing can be realized.

[0149] Inthe present embodiment, a position or movement
of an object is detected by using a non-infrared image to
remove/reduce information on a substance other than the
object from the infrared image. Thus, erroneous determina-
tion of a position of the object Due to Information on the
Substance Other than the Object can be Suppressed.

J. OTHER EMBODIMENTS

[0150] The present specification includes an embodiment
as below.
[0151] An exemplary embodiment provides a non-transi-

tory storage medium encoded with a computer readable
image processing program executed by a computer. The
image processing program causes the computer to perform
functionally including obtaining an infrared image mainly
including information of infrared rays from a subject and a
non-infrared image mainly including information of light
different in wavelength from the infrared rays from the sub-
jectand correcting the infrared image based on a feature value
of the non-infrared image.
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[0152] In the exemplary embodiment, the feature value of
the non-infrared image may be a feature value which cannot
be obtained from the infrared image.

[0153] In the exemplary embodiment, the non-infrared
image may include an RGB image.

[0154] In the exemplary embodiment, the correcting step
may include specifying a flesh-color region of the subject
from the RGB image and correcting the infrared image based
on the flesh-color region.

[0155] Inthe exemplary embodiment, the step of obtaining
an image may include obtaining the infrared image and the
non-infrared image from image pick-up elements in Bayer
arrangement including an IR filter.

[0156] In the exemplary embodiment, the correcting step
may include selectively using effective information repre-
senting the subject included in the infrared image.

[0157] In the exemplary embodiment, the correcting step
may include ignoring a region of the infrared image other than
the region where the subject is present.

[0158] In the exemplary embodiment, the correcting step
may extract only the region of the infrared image where the
subject is present.

[0159] In the exemplary embodiment, the correcting step
may include specifying a shape of the subject included in the
non-infrared image and the infrared image may be corrected
based on a feature value in the specified shape.

[0160] In the exemplary embodiment, the correcting step
may include obtaining a feature value by binarizing the non-
infrared image.

[0161] In the exemplary embodiment, the correcting step
may include multiplying each pixel value of the infrared
image by each pixel value of the binarized non-infrared
image.

[0162] In the exemplary embodiment, the functionality
may further include reflecting the information on the infrared
image corrected in the correcting step on a yet-to-be-cor-
rected infrared image or the non-infrared image.

[0163] Anexemplary embodiment provides an information
processing system. The information processing system
includes an image pick-up portion for picking up an image of
infrared light from a subject and light different in wavelength
from infrared rays from the subject and a processing portion
for correcting an infrared image obtained through image
pick-up by the image pick-up portion based on a feature value
of a non-infrared image obtained through image pick-up by
the image pick-up portion.

[0164] Anexemplary embodiment provides an information
processing system. The information processing system
includes an image obtaining module that obtains an infrared
image mainly including information of infrared rays from a
subject and a non-infrared image mainly including informa-
tion of light different in wavelength from the infrared rays
from the subject and a correction module that corrects the
infrared image based on a feature value of the non-infrared
image.

[0165] An exemplary embodiment provides an image pro-
cessing method. The image processing method includes
obtaining an infrared image mainly including information of
infrared rays from a subject and a non-infrared image mainly
including information of light different in wavelength from
the infrared rays from the subject and correcting the infrared
image based on a feature value of the non-infrared image.
[0166] While certain example systems, methods, devices,
and apparatuses have been described herein, it is to be under-
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stood that the appended claims are not to be limited to the
systems, methods, devices, and apparatuses disclosed, but on
the contrary, are intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A non-transitory storage medium encoded with a com-
puter readable image processing program executed by a com-
puter, the image processing program causing the computer to
perform functionality comprising:

obtaining an infrared image of a subject; and

determining a position of the subject included in the infra-

red image based on brightness and a size of a prescribed
region of the subject within the infrared image.

2. The non-transitory storage medium according to claim
1, wherein

the step of determining the position includes determining a

relative position of the subject with a reference position.

3. The non-transitory storage medium according to claim
2, wherein

the step of determining the position includes determining

the reference position based on an infrared image corre-
sponding to the subject positioned in a reference state.

4. The non-transitory storage medium according to claim
1, wherein

the step of determining the position includes determining a

position of the subject based on the brightness of the
prescribed region when the size of the prescribed region
satisfies a prescribed condition.

5. The non-transitory storage medium according to claim
1, wherein

the step of determining the position includes determining a

depth position of the subject in a direction of image
pick-up by an image pick-up portion which obtains the
infrared image, based on the brightness and the size of
the prescribed region.

6. The non-transitory storage medium according to claim
5, wherein

the step of determining the position includes determining

the depth position and determining a position on a sur-
face orthogonal to the direction of image pick-up of the
subject based on a position of the prescribed region
within the infrared image.

7. The non-transitory storage medium according to claim
1, wherein

the step of determining the position includes specifying a

region of the subject from the infrared image and speci-
fying the prescribed region in accordance with the speci-
fied region.

8. The non-transitory storage medium according to claim
7, wherein
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the step of specifying the region includes specifying the
prescribed region of the subject based on at least a part of
a shape which the subject intrinsically has.
9. The non-transitory storage medium according to claim
1, wherein
the step of determining the position includes determining a
position of the subject when the brightness of the pre-
scribed region and the size of the prescribed region
satisfy prescribed relation.
10. The non-transitory storage medium according to claim
9, wherein
the step of determining the position includes determining
the position of the subject when change over time in
brightness of the prescribed region and change over time
in size of the prescribed region maintain the prescribed
relation.
11. The non-transitory storage medium according to claim
9, wherein
the step of determining the position includes determining
the position of the subject when magnitude of change
over time in brightness of the prescribed region and
magnitude of change over time in size of the prescribed
region maintain the prescribed relation.
12. The non-transitory storage medium according to claim
1, wherein
the step of determining the position includes outputting
change over time in position of the subject.
13. The non-transitory storage medium according to claim
1, wherein
the step of obtaining the image includes obtaining an infra-
red image which is picked up during emission of infrared
rays to the subject.
14. An information processing system, comprising:
an image pick-up portion configured to pick up an image of
infrared light from a subject; and
a processing portion configured to determine a position of
the subject included in the infrared image based on
brightness and a size of a prescribed region of the subject
within the infrared image obtained as a result of image
pick-up by the image pick-up portion.
15. An information processing apparatus, comprising:
an image obtaining module configured to obtain an infra-
red image of a subject; and
aposition determination module configured to determine a
position of the subject included in the infrared image
based on brightness and a size of a prescribed region of
the subject within the infrared image.
16. An information processing method, comprising:
obtaining an infrared image of a subject; and
determining a position of the subject included in the infra-
red image based on brightness and a size of a prescribed
region of the subject within the infrared image.
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